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Method for producing substrates charged with materials, in which 

a) at least one substrate is introduced into an evacuated vacuum container; 

b) the surface of the substrate to be charged is exposed to a reactive gas 
which is adsorbed on the surface; 

c) the exposure of the surface to the reactive gas is terminated, 

d) the reactive gas adsorbed on the surface is allowed to react, 
characterized in that 

di) the surface with the adsorbed reactive gas is exposed to a low-energy 
plasma discharge with ion energy Ejo on the surface of the substrate of 

0 < E,o < 20 eV 
and an electron energy E^^ of 
OeV<Eeo<100eV; 
dj) the adsorbed reactive gas is allowed to react at least with the 
cooperation of plasma-generated ions and electrons. 

Method as claimed in claim 1, characterized in that the plasma discharge is 
realized with an ion energy E^, on the surface of the substrate of 
0 eV < Eio < 15 eV. 

Method as claimed in cme of..,.r1^iiTio 1 ur?., characterized in that the adsorbed 
reactive gas is a reactive gas mixture. 

Method as claimed in eno of ^aimo 1 te 3 , characterized in that the plasma 
discharge is maintained in an inert gas atmosphere. 
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5. Method as claimed in claim 4, characterized in that the plasma discharge is 
maintained in an argon atmosphere. 

6. Method as claimed in orc of claims 1 lo - f , characterized in that the plasma 
discharge is generated in an atmosphere which contains a further reactive gas 
or gas mixture. 

7. Method as claimed in claim 6, characterized in that the further reactive gas or 
gas mixture contains at least one of the gases hydrogen, nitrogen, oxygen. 

8. Method as claimed in claim 6, characterized in that the further reactive gas or 
gas mixture comprises hydrogen, preferably is hydrogen. 

Ir 9. Method as claimed in one u f L^iim 1 L <=> 8 , characterized in that the vacuum 
container is evacuated to a pressure (p^) for which applies: 
10-'' mbar < p^ < 10'^ mbar. 

^ 10. Method as claimed in one of cl^imc 1 to 9 / characterized in that the reactive 

gas to be adsorbed is allowed to flow in up to a partial pressure Pp, for which 
applies: 

10"^ mbar < pp < 1 mbar. 

fi 11. Method as claimed in ono of c]^imo 1 to Ifl , characterized in that the gas 
adsorption rate on the surface is controlled by heating/cooling the surface. 

p 12. Method as claimed in one of cl^iirttH - lu 1 1, characterized in that the exposure 
is terminated thereby that the substrate is transferred from the evacuated 
vacuum container into a further evacuated vacuum container. 
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fi' 13. Method as claimed in one of cJ|Qimo 1 to \% , characterized in that the exposure 
of the surface is terminated by pumping out the remaining adsorbed reactive 
gases from the evacuated vacuum container. 

14. Method as claimed in claim 13, characterized in that the reactive gas is 
pumped out imtil a pressure p^* is reached for which applies: 
10"^^ mbar < p; < 10"^ mbar. 

A 15. Method as claimed in claim 1 te-14, characterized in that the substrate is 

exposed to the plasma treatment at least during a predetermined minimum 
time period. 

^ 16. Method as claimed in one o f dai^ib 1 lu 13 , characterized in that at least the 
steps b) to dj) are completed at least twice. 

ciAm 1 

17. Method as claimed in o f ^ i^ aliiLS 1 L u Ig , characterized in that after carrying 
out at least one step d2), a different material is appUed onto the surface. 

18. Method as claimed in claim 17, characterized in that the further material is 
applied by means of a vacuum coating process, by means of wet chemistry or 
galvanically. 

19. Method as claimed in o ne - of cj^ims 1 n characterized in that before the 
exposure of the surface to the reactive gas to be adsorbed, the surface is 
exposed to a low-energy inert gas plasma, preferably an argon plasma, with 
ion energies En on the surface of 

0 eV < En < 20 eV 

preferably 

0 eV < E,i < 15 eV 
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and an electron energy Egi of 

0 eV < Eel < 100 eV. 

/r 20. Method as claimed in o i^ o of ^ jj p i mo 1 19 , characterized in that before the 
exposure of the surface to the reactive gas to be adsorbed, the surface is 
exposed to a low-energy plasma discharge in an atmosphere comprising a 
further reactive gas, v^here for the ion energy applies: 
0 eV < Ei2 < 20 eV, 

preferably 

0 eV < < 15 eV 
at an electron energy E^j of 

0 eV < Ee2 < 100 eV. 

21. Method as claimed in claim 20, characterized in that the further reactive gas is 
at least one of the gases hydrogen, nitrogen, oxygen. 

22. Method as claimed in claim 20, characterized in that the further reactive gas 
comprises hydrogen, preferably is hydrogen. 

f[ 23. Method as claimed in c tfio o J ^laims . 1 — 2?, characterized in that after the 

reaction of the adsorbed reactive gas, the surface is exposed to a low-energy 
inert gas plasma, preferably argon plasma, with an ion energy E13 on the 
surface of 

0 eV < Ei3 < 20 eV, 

preferably 

0 eV < Ei3 < 15 eV 
and an electron energy E^j of 

0 eV < Ee3 < 100 eV. 
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24. Method as claimed in wie uf ij<^iiiiA 1 ■ 2$ , characterized in that after the 
reaction of the adsorbed reactive gas, the surface is exposed to a low-energy 
plasma discharge in an atmosphere which comprises a further reactive gas, 
wherein for the ion energy £„ on the substrate surface applies: 

0 eV < E,4 ^ 20 eV, 

preferably 

0 eV < E,4 ^ 15 eV 
and with an electron energy of 
0 eV < ^ 100 eV. 

25. Method as claimed in claim 24, characterized in that the further reactive gas is 
at least one of the gases hydrogen, nitrogen, oxygen. 

26. Method as claimed in daim 24, characterized in that the further reactive gas 
comprises hydrogen, preferably is hydrogen. 

jlf 27. Method as claimed in one of^aima 1 — 26, characterized in that the surface 
charging takes place by means of at least one of the following materials: 

oxides or nitrides or oxinitrides of Si, Ge, Ti, Ta, Hf, Zr, Al, Mb, W and/or of the 
following metals: 
Al, Ti, Cu, W, Ta. 

28. Method as claimed in claim 27, characterized in that the surface charging takes 
place by means of at least one of the following materials: 

siUcon oxide, tantalum oxide, zirconium oxide, titanium nitride, tantalum 
nitride, tungsten nitride, (TaSi)^Ny. 
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cjLAin i 

Method as claimed in on o of^laimtH :-=^, characterized in that all method 
steps are carried out in one vacuum container. 



Method as claimed in one of claims 1 - 26, characterized in that the method 
steps are carried out in at least two vacuum containers. 

Method as claimed in one of claims l . to 3 (5), characterized in that the process 
atmosphere encompassing the surface of the substrate during at least one of 
the phases comprised of steps b) and c) and /or d) to dj), is isolated from the 
inner wall of a vacuum container at ambient surroundings. 

Method as claimed in ono of claimc 1 to 34 , characterized in that the surface to 
be charged includes the surface of a substrate already charged or coated. 

Method as claimed in one of claims 1 to - 31 , characterized in that the surface 
before the adsorption step and /or after the reaction of the adsorbed reactive 
gases or gas mixture is exposed to a plasma-enhanced cleaning step, in which 
in a reactive gas or gas mixture - preferably comprising hydrogen - it is 
activated by means of a low-energy plasma discharge with ion energy on 
the substrate surface of 

0 eV < Er < 20 eV, 

preferably 

0 eV < < 15 eV 
at an electron energy E^^ of 

0 eV < Ee, < 100 eV. 

Method as claimed in claim 33, characterized in that during the at least one 
cleaning step the cleaning process atmosphere is isolated by means of a 
metallic encapsulation from the inside wall of the cleaning vacuum container 
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at ambient surrounding or this process atmosphere is directly preferably 
delimited by the inside wall of a cleaning vacuum container at ambient 
surroundings. 

35. Method as claimed in o ne of d^img - l to 3^ , characterized in that through a 
single sequence of steps a) to d2) one atom monolayer is applied onto the 
surface. 

36. Method as claimed in ono of cj^imsXto 35 , characterized in that by repeating 
steps b) to d) an epitaxial layer is grown on, with a change of the reactive gas 
heteroepitaxial ones, without a change of the reactive gas homoepitaxial ones. 

37. Method as claimed in Q» Q^f elaimg 1 to 3 Q , characterized in that after carrying 
out a predetermined number of passes through steps b) to d) sequentially on 
several substrates the process volume of the vacuum container is subjected to a 
plasma-enhanced process volume cleaning step without an introduced substrate 
or with a substrate dummy, which process volume cleaning step preferably first 
comprises an etching step, subsequently a cleaning step, preferably in a plasma 
comprising hydrogen, inert gas or a mixture thereof. 

38. Method as claimed in o i i e of-<5laims 1 t o S7 , characterized in that before step a) 
and/or after step d2) the substrate is subjected to a substrate cleaning step after 
being spatially separated from the vacuum container and that the transport of 
the substrate there between is carried out under vacuum. 



39. Method as claimed in claim 38, characterized in that the transport under 

vacuum takes place at least piecewise linearly or preferably along a circular 
path, with Unear guide movements to said containers, preferably with motion 
components radial with respect to a circular path. 
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Method as claimed in o no of i jiyiiu, 1 lu 09 , characterized in that during steps 
b) to and including d) the process atmosphere to which is exposed the surface 
is isolated from the inner wall of a vacuum container at ambient surrounding 
by means of a surface which in the new condition is chemically inert against 
the reactive gas or gas mixture and /or against a second plasma-activated 
reactive gas or gas mixhire, preferably by means of a dielectric or graphitic 
surface. 



Method as claimed in claim 40, characterized in that the inert surface is the 
surface of a partition wall which is spaced apart from the inner wall of the 
vacuum container along predominant surface sections. 

Method as claimed in aUlcQOt on»;yyuf claliut; 40 characterized in that the 
surface for isolation in the new condition is realized of at least one of the 
following materials: 

quartz, graphite, silicon carbide, silicon nitride, aluminum oxide, titanium 
oxide, tantalum oxide, niobium oxide, zirconium oxide or a layered 
combination of these materials, in this case also with diamond-like carbon or 
diamond. 

Method as claimed in ono of o^pims 1 to ly , characterized in that the plasma 
discharge is realized with an electron source with electron energy Eg < 50 eV, 
in particular preferred by means of a DC discharge. 

Method as claimed in o ne ofjjlaima 1 lo 43 , characterized in that the plasma 
discharge is realized by means of a thermionic cathode, preferably with a 
directly heated thermioruc cattiode. 
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Method as claimed in o ueof u ^m h 4 lu44 , characterized in that in the process 
volume of the vacuum container for the plasma discharge at least two anodes 
spatially offset and preferably each beatable are provided, preferably each 
electrically actuatable separately and through the control of the electric 
potentials impressed thereon and/or their temperature the plasma density 
•distribution along the surface is dynamically adjusted or controlled along the 
surface. 

Mediod as claimed in o ne of cloimo 1 to 4$ , characterized in that during step d) 
in the process volume a magnetic field is generated and by means of this 
magnetic field the plasma density distribution along the surface is stationarily 
and/or dynamically adjusted or controlled, preferably at least such that it 
wobbles locally. 

Method as clauned m omsufd^iii 1 tu4«, characterized in that at least the 
reactive gas or gas mfacture to be adsorbed is aUowed to flow distributively into 
the process atmosphere, preferably with a direction of inflow substantially 
parallel to the surface and, further preferred, with injection sites equidistant 
from the surface. 

Method as claimed in o no of^aimo l -t o4Y , characterized in that the substrate 
is a silicon oxide-coated substrate with grooves sunk into the silicon oxide layer, 
and that after carrying out n-times one of the steps dj), copper is deposited in 
the grooves, where n ^ 1. 

Use of i^e laethod as claimed in one of claims 1 - 48 for the production of 
relaxed bu^rs. 



38 



